We developed a system for creating geo-tagged observational picture maps that makes use of a GPS logger that is equipped with a database of flowers that can be used for the identification of these flowers. This database includes 961 color photographs of 220 varieties of flowers that are commonly found in Japan. The system has the following functionalities: the ability to search and identify flowers by season, color, and name; the ability to view high-resolution video clips showing scenes that are difficult to observe, such as the dispersal of seeds; detailed explanations on the method of identifying similar flowers that are hard to distinguish; and the ability to assist in the creation of an observational picture map by automatically showing photographs together with observational comments on a Google Maps based on GPS signal data. The system was trialed with 208 sophomore university students as part of a fieldwork involving the observation of wild flowers. As a result of the trial, the effectiveness of the system was validated in the following four domains: (1) interest, motivation, and attitude; (2) thinking and decision making; (3) technique and expression; and (4) knowledge and understanding.
Introduction
Through its "New Strategy for IT Revolution (2006) in Japan," the Japanese Ministry of Education promotes the use of information technology in school education, identifies the active use of information and communication technology (ICT) to enhance learning, and advances the improvement of the teaching skills that leverage ICT as key challenges. Further, the fact that the use of ICT leads to enhanced scholastic performances has been objectively proven in various studies including "Research to assist in the promotion of informatization in Education" [1] . In practice, however, the outcome from the "Survey on Information Education and use of ICT" showed that among the 256 primary and junior high schools surveyed in K City, the average achievement index reflecting a teacher's ability to leverage ICT was only 67.1 points ("partially achieved"). Moreover, the proportion of schools that utilized ICT in classrooms remained at 73.3%. Some of the reasons for ICT not being utilized despite its proven effectiveness included "lack of skills in collecting and developing content" and the claim that such tasks were "too laborious." At the same time, it was noted that there was an increasing number of newly-employed primary school teachers who were conscious of the deficiency in their flower-identifying skills, which led to the inclusion of an assignment in the teacher training program that involved the creation of a flower observation picture map. We have thus decided to develop a flower identification and picture map system as a joint research project with the university.
Field studies are led in various places, in order to improve the concern for science education. However, in such field studies, as the studies are often done in places which are geographically remote one from the other, the documents which can be carried have to be limited, and the instructions about the contents of the study have to be modified according to the situation, as we experience various restrictions. Therefore, it is often the case that the study is only lead as an experience. In that case, the object of the children's interest is deeply involved, but their interests are not stimulated at all. In some cases their experience of a particular instant cannot be sustained anymore, then we have the problem that the study cannot be deeply understood by them. On the other hands, many education support systems with using mobile information devices have been developed as the advance of mobile device technologies [2] [3] [4] . In such situations, some researches have been using mobile information devices for field studies in order to solve this problem; they have accomplished remarkable development in recent years and have therefore flourished significantly. These researches are divided roughly into two themes: (1) studies where mobile devices were applied to the material presentation of the field study, (2) records of learners' activities using mobile devices in the field study. The examples for the first theme (1) are utilization of a mobile phone in a zoo for the presentation of each animal's information [5] [6] . In these two researches, the function of contents display has been achieved by reading GPS and QR code in correspondence to the place of the study. However, in order to promote the children's interest, we can think that the contents display according to each study situation is effective, but has not been achieved. As an example of the second theme (2), we have the example of the information gathering in the outdoor activity using PDA [7] [8] , and the example where camera and e-mail function of the cellular phone were used [9] , however, the function of the first theme (1) was not realized in this case. As an example of the combination of two themes, we have the example of the cellular phone with GPS based learning support system for field studies at zoo. The system can display dynamically the contents that were suitable for study based on a learners' position information and his past activity history, and conducted by using a cellular phone with a GPS function [10] . However, teachers must prepare lots of contents about animals before the field work. In this paper, we have described how we have used cellular phones with a GPS Logger as mobile computing devices. By acquiring and saving information about a user's position and the history of his past activities, we have developed a system and contents of flowers for a field study support. We have attempted to deal with some parts of the second theme (record of the study history) by recording the learners' comments with a cellular phone in the student's study history, for every user and we could thus suggest a solution for the problem mentioned in theme (1) . Furthermore, we have evaluated this system by taking up fields outside the school, developing the contents about flowers for field study as an object of field study, and conducting an evaluation experiment.
Research Objectives
There are two objectives to this research. The first is to develop a system for assisting in the identification of flowers and creation of picture maps during field observation learning. The second is to trial the system with sophomore university students who are studying to become teachers in order to validate the effectiveness of the system. Specifically, the following four domains will be analyzed in order to measure the effectiveness of the developed system. (1) "Interest, motivation, and attitude" -whether the students were able to feel an affinity with nature and further enhance their motivation for exploring it through the field observation of flowers using the mobile information terminal. (2) "Thinking and decision making" -Whether the students' breadth of observation and research activities increased on completion of the flower observation fieldwork that involved utilizing the multimedia contents on the information terminal, as opposed to relying exclusively on library resources. (3) "Technique and expression" -Whether the students became proficient at utilizing various tools and equipment to fulfill particular needs and create picture maps efficiently through the use of creative techniques following their completion of the field observation utilizing a mobile information terminal and a GPS logger. (4) "Knowledge and understanding" -Whether the students were able to identify flowers accurately and comprehend phenomena that are hard to observe directly, such as seed dispersal, by using the multimedia field guide during the fieldwork observation.
Research Methodology
In June 2008, an inquiry was made regarding the current flower observation learning being imparted in primary schools, and interviews were held with twelve primary school teachers and one curriculum director to discover the requirements with respect to the enhancement of this curriculum. In order to validate the effectiveness of the system, a paper-based survey regarding the learning content was administered to the participants. Each question in the survey belonged to one of the following three domains: (1) interest, motivation, and attitude; (2) thinking and decision making; and (3) technique and expression. In addition, a short objective test was conducted to measure the knowledge and understanding of the students. Further, we investigated motivation, feeling of participation, satisfaction, and confidence as overall elements in relation to the learning activities using the present system. Finally, the flower observation map and the learning portfolio created by the students were analyzed.
The content and functionality of the flower identification and picture map system
On the basis of the results of the prior inquiry, it was decided that the system would comprise the following contents and features: (1) 961 color images, showing 220 flower varieties that are commonly observed in the Kansai region, equipped with the facility to search on the basis of each flower's season, color, and name so as to facilitate its identification ( Figure 1) ; (2) the ability to view high-resolution video clips of difficult-to-observe scenes such as dispersal of seeds; (3) detailed explanations on how to identify flowers that are difficult to distinguish from each other ( Figure 2) ; and (4) a picture map creation system whereby observation records and photographs would automatically be shown on a Google Map using GPS data ( Figure 3 ). Observation records would be stored on the server, which could then be used for collaborative learning. 
System Configuration and Architecture
The Flower Identification Database System for Mobile Devices with a Geo-tagged Picture Map developed for this research is a client-server system that comprises (1) the mobile phones owned by the students for sending picture and text messages; (2) the client PC used by the lecturer; and (3) the server running a SQL database server for storing the submitted pictures and comments and a Web server for displaying the submitted information. The client interface for the learners' use was developed using Ajax and the Google Maps API, and it can run on Windows NT 4.0, 2000, XP, and Vista. The comments submitted from the students' mobile phones are dynamically processed using Asynchronous JavaScript and XML, stored on the database server, and outputted as XML or CSV files. CentOS version 5 (Redhat Linux compatible), My SQL version 5, and PHP version 5 were used for the server. Figure 4 shows the Flower Identification Database System for Mobile Devices with a Geo-tagged Picture Map. KML (Keyhole Markup Language) is a file format used to display geographic data in an Earth browser such as Google Earth, Google Maps, and Google Maps for mobile. KML uses a tag-based structure with nested elements and attributes and is based on the XML standard. The most common way to embed geo-data into an image file is using the Exchangeable Image File Format (EXIF). The data is stored in binary form in the EXIF headers in a standard way. We developed the library for reading the headers of JPEG files. 
Educational Practice utilizing the system at outside fields work
The educational practice at outside fields work were undertaken with a total of 208 students (78 male and 130 female) comprising 36 sophomore students training to become teachers at S University and taking the course entitled "Multimedia and Classroom Enhancement" and 172 students from B University taking the "General Studies" course (across three classes). The flower observation fieldwork was undertaken in pairs. Each pair was given a Sony PSP and GPS logger, and the students were asked to bring along mobile phones equipped with cameras. For those pairs that could not bring mobile phones, a USB camera was attached to the PSP provided. The students observed flowers as they walked on the university campus, took pictures with the cameras on their mobile phones, and sent emails to the system server comprising the name of the flowers observed, any related observation notes taken, and photographs of the flowers in the form of an attachment. When the students were unable to identify the name of a particular flower, the multimedia field guide for PSP was used to assist in its identification. The GPS logger automatically recorded the position information in its internal memory every five seconds. After the observation was complete, students returned to the lecture room and connected the GPS logger to a PC. The position data were then sent automatically to the system, geo-tagged (i.e., the position data were added for referencing), and an observation map such as the one shown in Figure 3 was generated.
In order to comparatively investigate the effectiveness of the system, the 208 students were divided into two equal groups: Group A (104 students) and Group B (104 students). The system was then utilized according to the execution schedule shown in Table 1 . Since the students were enrolled in three classes, the maximum number of students at any one session was 36. Group B (104 students ) Collection and identification of flowers without this system, taking of pictures and creation of a picture map on the paper not by using this system Collection and identification of flowers with PSP system, taking of pictures and creation of a picture map on the web by using this system, GPS Logger Attitude survey taken, self assessment sheet filled, and short test completed Second Week (flower observation fieldwork at the school where the students had undertaken internship ) Group A (104 students) Group B (104 students ) Collection and identification of flowers with PSP system, taking of pictures and creation of a picture map on the web by using this system, GPS Logger Collection and identification of flowers without this system, taking of pictures and creation of a picture map on the paper not by using this system Attitude survey taken, self assessment sheet filled, and short test completed
Results and Discussion

Evaluation of the system by the students
The results of the students' survey regarding their assessment of the developed flower observation assistive system's ease of use, clarity of flower photographs, and flower identification method are summarized in Figure 5 . Many students responded positively in the above context regarding the ease of use, clarity of photographs and video clips, and display size with respect to the flower field guide. Moreover, while many students also responded positively regarding the function whereby one could search for a flower by name, season, and color, some students commented that the function through which the observation record was submitted to the server was slightly cumbersome. It thus became clear that the developed system required further enhancements that would enhance its usability.
Validation of the system's effectiveness
The result of the test to objectively measure the students' knowledge and understanding of the developed system that was administered following the completion of fieldwork is summarized in Table 2 . There were four types of questions in the test: (1) those related to identifying and naming a flower given its picture (8 questions); (2) those connected to looking at illustrations of seed dispersal and choosing the correct one (4 questions); (3) those concerned with reading the explanations and illustrations on the method by which to distinguish between similar flowers and choosing the correct explanation (4 questions); and (4) those inviting free-form comments on the observational study of flowers. An analysis of variance was performed in order to compare four factors: 2 (intra-group) × 2 (inter-group). As a result, a significant interaction with 1% standard was detected, and the LSD method was used to perform multiple comparisons on the mean score. This resulted in a statistically significant difference being confirmed within Group A between week 1 (when photo identification sheets were utilized) and week 2 (when the present system was utilized). Furthermore, there was a statistically significant difference between Group A in week 1 (where photo sheet identification sheets were utilized) and Group B in week 1 (when the present system was utilized). On the other hand, there was no statistically significant difference in the mean scores of weeks 1 and 2 within Group B. This outcome can be interpreted as follows. The reason for Group A having a lower test score f in week 1-wherein learning took place based on photo sheets of flowers-was that, as shown in Figure 6 , their mean scores for the questions related to flower identification, seed dispersal, and flower identification method were consistently lower than Group B, with 32% of the Figure 6 Analysis of the test results for Group A Figure 5 Evaluation of the system by the students students leaving more than one question on the identification of flowers unanswered. While color photo sheets were used for looking up and identifying the name of the flowers, these sheets only included 24 representative spring and summer flowers, resulting in the students responding with "other flowers" when they were unable to identify the name. In addition, as in the photographs used in textbooks, the photo sheets only showed photographs taken from an angle that was optimal for capturing the characteristics of each flower. When the students observed the same flowers in the field, there were many instances whereby they saw the flower from angles other than those shown in the textbook, making identification problematic.
In contrast, the number of Group A students leaving questions related to flower identification unanswered was reduced to 8% in the second week, thereby causing the mean score to rise. Using the present system, students began the identification process on the basis of the current season and color of the flower. After the relevant candidate flowers are shown, photographs could be seen of not just the flower but also of its stem and leaves taken from various angles, thus aiding identification as well as boosting the retention of knowledge. This fact was backed up by the students' free form comments such as follows: "it was easy to search for flowers by their color" and "identification was possible as photographs of not just the flowers but close-up photographs of the stems and leaves as well were provided." Further, while a significant difference was not detected in the questions related to seed dispersal and those related to the identification method between weeks 1 and 2, there was an increase in the mean score for these questions. From the free form comments such as: "looking at the seed dispersal video stimulated my interest" and "I was able to understand the explanation clearly after looking at the slow-motion video of seed dispersal," it can be deduced that the video clips were able to supplement areas that were difficult to grasp based exclusively on photo sheets. Next, the result of the self-assessment questionnaire comprising 4-scale multiple-choice questions is shown in Figure 7 for Group A and in Figure 8 for Group B. The analysis of variance performed resulted in a significant interaction with 5% standard being confirmed between the two groups. The LSD method was used to perform multiple comparisons on the mean value. As a result, it became clear that scores for questions related to "thinking and decision making" (e.g., "Did you understand how to differentiate between the Kansai Dandelion and Western Dandelion?" and "Have you been able to formulate your own opinion based on information gained through investigation?") were significantly higher in Group A when the present system was used for the concerned study. The fact that the scores for questions related to "interest and motivation" were high for both groups with or without the use of the present system and did not show a significant difference is attributed to the incorporation of the outdoor fieldwork activity, which served to increase the interest and motivation of the students. Further, scores for questions related to "technique and expression" also improved when the present system was utilized. Free form responses included the following: "it was easy to create the picture map automatically, so more time could be spent on discussions related to the problem on flower identification"; "even when I uploaded an erroneous response due to the incorrect identification of a particular flower, I was able to discover the error during our discussions by comparing our map with maps created by other groups;" "an observation map was created and uploaded during the second week at the school where I undertook my internship; this enabled me to compare the mountainside and city regions;" and "I have endeavored to describe the identification method in the observation comment." These comments reflected signs of the students' creativity in the course of learning as well as their proactive attitude. Based on the outcome and observations stated above, the effectiveness of the system has been validated in the domains of "knowledge and comprehension," "thinking and decision-making," and "interest and motivation."
Conclusion and Future Work
This article describes the development and the evaluation of the Flower Identification Database System for Mobile Devices with a Geo-tagged Picture Map. Learners can create the geo-tagged observational picture map with observational comments of flower on the Google maps by this system. This database of flowers includes 961 color photographs. Learners can search and identify flowers by season, color, and name, can watch high-resolution video clips showing scenes that are difficult to observe, such as the dispersal of seeds. Learners can read the detailed explanations on the method of identifying similar flowers that are hard to distinguish. The system was trialed with 208 university students as part of a fieldwork involving the observation of wild flowers. As a result of the evaluation, the effectiveness of the system was validated in the following four domains: (1) interest, motivation, and attitude; (2) thinking and decision making; (3) technique and expression; and (4) knowledge and understanding. In the future, we plan to undertake field trials with primary school students using PSP with GPS and a camera connected via USB.
